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A radiosonde  system  capable  of  real-time  analog  display  as  well  as  digital  recording  has  been  designed 
for  use  on  tethered  vehicles.  A very  simple  configuration  of  the  system,  consisting  of  only  the  trans- 
mitter unit,  an  AM  radio  receiver,  and  a stopwatch,  can  produce  useful  data.  When  used  with  a 
commercial  microcomputer  system,  the  system  can  provide  real-time  display  and  digital  recordings. 

The  system  obtains  information  on  the  marine  boundary  layer  from  measurements  of  pressure  alti- 
tude, air  temperature,  and  wet-bulb  temperature  thioughout  the  lowest  600  m of  atmosphere  as  it 
ascends  and  descends  between  the  surface  and  its  maximum  altitude.  . 
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REAL-TIME  METEOROLOGICAL  PROFILES  USING  THE  NRL 
MARINE  BOUNDARY  LAYER  SONDE 

INTRODUCTION 

A lightweight  sounding  system,  easily  flown  from  a tethered  kite  balloon,  parafoil,  or 
kite,  is  needed  for  real-time  meteorological  mapping  of  the  marine  boundary  layer.  Such  a 
device  must  have  a nonstepping  pressure  indicator,  because  the  altitude  device  must  respond 
to  continuous  variations  in  pressure.  The  standard  radiosonde,  using  a stepping  contact  on 
the  arm  of  the  aneroid  barometer,  will  quickly  lose  track  of  altitude  if  it  experiences  rapid 
rises  and  falls.  Some  form  of  digital  data  recording  would  also  be  desirable,  to  facilitate 
rapid  automatic  or  perhaps  real-time  data  analysis. 

Tethered  balloons  and  kites  have  been  used  for  years,  but  they  are  becoming  increas- 
ingly popular  for  measuring  the  boundary  layer  for  environmental  purposes.  The  particular 
system  described  in  this  report  was  designed  independently  for  specific  marine  meteorologi- 
cal soundings.  It  contains  several  unique  features,  developed  over  the  past  decade,  which 
suit  it  to  difficult  applications  such  as  operation  from  oceanographic  ships  at  sea. 

Instrumentation  for  a tethered  vehicle  is  much  more  likely  than  that  for  a free-flight 
balloon  to  be  recovered  intact  and  ready  for  another  flight.  This  allows  the  use  of  relatively 
expensive  instruments  with  very  low  cost  per  flight. 

The  designer  of  instrumentation  for  the  tethered  vehicle  has  the  choice  of  telemetry 
methods.  Very  lightweight  conducting  strands,  to  be  woven  into  the  tether  lines,  are  availa- 
ble commercially:  this  offers  choice  of  either  direct -wire  or  RF  data  transfer.  The  instrument 
described  in  this  report  was  designed  to  use  the  RF  method  for  a number  of  operational 
reasons,  one  of  which  was  to  eliminate  connector  problems. 


RADIOSONDE 

The  radiosonde  is  basically  a collection  of  seven  oscillators  connected  so  as  to  transmit 
three  channels  of  meteorological  information  to  an  observer  on  the  ground.  The  receiving 
equipment  at  the  ground  can  vary  in  sophistication.  The  simplest  ground  station  consists 
of  merely  a communications  receiver  and  an  observer  with  a stopwatch.  A more  complex 
ground  station  design,  described  here,  includes  a microcomputer-aided  real-time  data  plotter 
as  well  as  digital  processing  and  recording  of  the  data. 

The  form  of  the  data  is  the  period  of  time  that  elapses  between  tones,  three  pitches  of 
the  audio-frequency  generators  are  set  near  the  top.  middle,  and  lower  portions  of  the  audio 
band  pass  of  the  receiver.  The  manual  observer,  with  the  help  of  his  stopwatch,  first  times 
the  period  between  two  high  pitched  pulses.  This  period  is  inversely  related  to  the  pressure 
altitude  of  the  instrument  package.  The  observer  next  obtains  the  elapsed  time  between  two 
medium-pitched  pulses;  this  is  directly  related  to  the  dry-bulb  air  temperature.  Finally,  the 
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observer  Imu's  tlu“  period  between  tl<«‘  low-pitched  tom's  to  obtain  wet-bulb  temperature 
readings.  Thus,  by  Hymn  the  tethered  vehiele  at  a eonstant  altitmle  for  eaeh  series  of  manual 
observ ations.  and  changing  altitudes  in  step  for  the  next  series  of  measurements,  a whole 
meteorological  sounding  ean  be  eonstrueteil  with  the  simplest  of  equipment. 

I hi  the  other  hand,  with  the  identieal  radiosonde  but  using  an  automat  ie  data  receiving 
system,  the  tethered  vehiele  ean  be  allowed  to  elinib  eontinuously  or  be  continuously  pulled 
m by  a motorized  wineh.  With  this  equipment  data  are  automat ieally  plotter!  in  analog  form 
m real  time,  as  well  as  digitally  recorded  on  paper  tape  for  future  computer  analysis. 

Tin'  sub  K F section  of  the  radiosonde  is  composed  of  three  oscillators  whoso  individual 
frequencies  are  modified  by  tin-  ambient  pressure,  tin*  air  temperature,  and  the  wet-bulb 
temperature  respectively,  as  well  as  three  tone  oscillators  whose  frequencies  are  set  perma- 
nently to  the  high,  center,  and  low  parts  of  the  audio  pass  band  of  the  receiver  to  be  used. 

In  tin1  manner  similar  to  that  described  by  Clathman  | 1 1 , ear'll  data  oscillator  has  its  individ- 
ual output  frequency  divided  by  -lOtHi.  The  counters  on  the  radiosonde  hoard  essentially 
average  the  input  data  ami  therefore  put  less  strain  on  the  receiving  and  analysis  systems, 
sacrificing  response  time  for  reliability  and  simplicity.  These  counters  cause  the  tone  bursts 
to  be  spaced  far  enough  apart  to  be  distinguishable  by  the  human  ear,  an  important  feature 
for  low  budget  or  remote  applications.  On  the  change  of  state  of  the  last  stage  of  the  coun- 
ter, a '200-ms  pulse  is  generated;  this  opens  a gate  for  a particular  tone  generator  to  feed  a 
burst  of  audio  signal  as  a modulation  to  the  KK  transmitter  through  an  OK  gate,  as  shown  in 
Wig.  1.  Because  these  tone  bursts  take  up  only  a small  fraction  of  time,  the  same  transmitter 
is  used  to  relay  simultaneously  all  three  channels  of  information  over  the  same  KK  link. 


Figure  2 shows  in  detail  the  complementary  metal-oxide  semiconductor  (CMOS) 
circuitry  involved  in  the  sub-KF  section  of  the  radiosonde.  Five  of  the  oscillators  are  identi- 
cal and,  although  very  simple  in  construction,  have  a reasonable  temperature  stability  |’2| . 
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These  devices  are  particularly  well  suited  for  marine  boundary  layer  sounding,  where  tem- 
peratures within  a particular  sounding  seldom  differ  more  than  20°  from  each  other.  Dry- 
and  wet-bulb  thermisters  are  the  resistance  elements  in  the  two  data  oscillators,  and  fixed 
resistors  control  the  pitches  of  the  three  tone  generators. 

The  frequency  of  each  of  these  oscillators  is  expressed  as 


where  k is  a constant,  C is  kept  constant  and  R is  the  frequency-determining  element.  The 
period  of  the  pulses  emerging  from  the  binary  counter  is 

T = RC/  4096  * k = constant  * R. 

Thus,  if  we  can  assume  that  the  resistance  of  the  thermister  is  approximately  linear  over  the 
limited  range  of  temperatures  encountered  in  the  marine  boundary  layer,  then  the  period 
expressed  in  seconds  is  directly  proportional  to  the  temperature  expressed  in  degrees  Celcius 
and  can  in  fact  be  set  exactly  if  C is  properly  chosen. 

The  altimeter,  on  the  other  hand,  is  based  on  an  integrated  circuit  (IC)  pressure  cell 
(LX1601A)  that  produces  as  an  output  an  analog  voltage  that  is  linear  with  respect  to  absol- 
ute pressure  within  a range  of  10  to  20  psia.  The  difference  between  this  voltage  and  a refer- 
ence voltage  is  used  as  the  input  signal  to  a linear  voltage-to-frequency  converter.  Thus,  the 
pressure  is  directly  proportional  to  the  frequency  and  inversely  proportional  to  the  period  at 
the  output  of  the  binary  counter. 

The  locations  of  the  dry-  and  wet-bulb  thermisters  are  important  for  the  correct  opera- 
tion of  the  psychrometer.  Figure  3 shows  the  mounting  of  the  various  components  of  the 
device  as  they  are  located  on  the  tether  line.  One  convenient  feature  of  a tethered  vehicle  is 
that  the  orientation  of  the  relative  wind  direction  to  an  element  of  the  tether  line  is  always 
the  same  [3] . Thus,  no  matter  what  the  wind  direction  or  the  altitude  of  the  tethered 
vehicle,  a device  fixed  as  shown  in  Fig.  3 is  always,  oriented  properly.  Rapid  connection  of 
the  radiosonde  to  a permanent  loop  in  the  tethered  line  is  accomplished  by  dog  chain  clips 
as  shown  in  Fig.  3a.  Battery  energy  consumption  is  low,  but  for  long-term  operation  a 
quickly  exchangeable  battery  pack  is  necessary  to  minimize  interruptions  in  the  continuous 
sounding  process.  Figure  3b  shows  the  device  in  place  on  an  actual  tether  line. 

Details  of  the  psychrometer  are  shown  in  Fig.  4a.  Note  that  standard  radiosonde  therm- 
isters ML4 19/ AMT-4  are  used  for  both  dry-  and  wet-bulb  sensors.  The  wet  bulb  is  packaged 
so  that,  although  it  is  surrounded  by  a wet  wick,  the  entire  thermister  is  inside  a thin  water- 
tight plastic  coating,  and  thus  water  will  not  affect  the  thermister’s  resistance.  A white  sun 
shield  provided  is  broad  enough  to  allow  operation  during  the  day  except  for  the  extremes 
of  sunrise  and  sunset,  but  is  placed  to  allow  natural  ventilation  of  the  dry  and  wet  bulbs. 

This  is  essential  for  proper  psychrometric  action.  Fortunately,  the  instrument  operating  on 
a tethered  kite  balloon  or  kite  is  assured  of  adequate  ventilation  by  the  relative  wind  neces- 
sary to  fly  the  vehicle.  Such  a relative  wind  is,  of  course,  essentially  nonexistent  in  free-flight 
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balloons  rtuis.  il  is  easy  to  make  from  tethered  volueles  the  more  affiliate  psy  ehromet  ne 
humidity  measurements,  wlueh  with  free  flight  systems  require  .irtifn  i.il  ventilation  or  very 
rapid  deseent 

The  unlivntu.il  parts  of  the  radiosonde  are  displayed  in  Kty  Ih.  wlueh  shows  details  of 
the  eleftronio  paekaye.  pressure  sensor,  and  ps\  ehromet  ne  sensors 

I > A I \ Ivl-ATIX  IMI  SYS  1 I MS 

\s  explained  t'arlier.  an  observer  with  a simple  AM  ratin'  reeeiver  tuiuxi  to  the  frequeney 
of  the  transmit  ter  t an  distmyuish  the  pulses  amt  manually  t ime  them  w ith  a si opwat eh  for  a 
minimum  reeeivmy  system  A very  simple  stripehart  reeordmy  t an  be  mailt'  by  eonnootiny 
the  output  t'f  tlm  reeeiver  tt>  a roeordiny  frequeney  meter,  for  wlueh  the  period  of  time 
between  ''like''  frequenev  pulses  is  the  data  Of  eourse  the  tone  pulses  from  the  audio  eireuit 
of  the  AM  reeeiver  t an  be  easily  separated  by  means  t'f  tone  deeodmy  U‘  elups  I'he  t'utput 
t'f  eaeh  tone  tltvotier  is  in  the  fi'nn  t'f  a loyieal  pulse,  ami  the  pt'in'tl  between  pulses  is  the 
ilata  for  that  partieular  ehannel.  l'liese  pulses  ean  be  tunetl  with  stopwatehes,  reeordixl  with 
a reeordmy  universal  tuner,  t'r  prt't  t'sst'tl  ilireetly  by  a niuueomputet  t'r  mieri'i'i'inputer. 

1'h is  rathosi'iitlt'  system  is  nh'allv  suited  It'  be  matehed  with  an  inexpensive  miero 
ev'inputer  to  thvt'tle  the  ilata  automatieally . It’  reeord  it  diyitally,  ami  present  the  rod  need 
tl.it .t  ti'  the  t'perator  in  a real  tune  analog  fi'rmat  1'lie  Nl\l  Marine  boundary  l ayer  Sonde 
>y  stem  list's  bt'tli  analog  and  digital  output  tei'hniques  and  thsplays  for  tune  senes  presenta 
tu'ii  all  three  ehannels  on  a tlual  stripehart  reeortier  w ith  a unique  t'perator  oriented 
presi’iitation. 

I'he  data  refinery  system  eonsists  of  an  t'lvlmary  \M  eonununteatioiis  reeeiver  finer 
my  tilt-  ass  ly  nod  frequenev  of  the  radiosonde  transmitter,  a three  ehannel  adjustable  tone 
deteetor.  a t'.MVJ  mieroeomputer  system  bt'ard  (KIM  O with  a -000  word  read  only  mem 
ory  (KOMI,  a 1000  word  random  aeeess  memory  (K  AMI,  a paper-tape  puiieli,  two  frequenev 
to  eurrent  deviet's,  and  a tue  ehannel  unaloy  reeorder  for  the  real  tune  obsi'rvation. 

I'lie  three  ehannels  of  information,  represented  by  tone  bursts  of  three  different  frequen 
eies,  appear  nuxt'ti  toyether  on  the  audio  output  of  the  revolver,  I'he  interfaee  between  the 
eoninmmeat  ions  reeeiver  and  the  diyital  fleet rotiit's  ustxl  m data  proeessitiy  is  shown  m 
f if  o I'he  tone  deteetors  are  desiyntxl  to  be  adjustable  so  that  variations  m t lit'  individual 
tones,  produeed  by  differenees  m eomponents  from  radiosonde  to  radiosonde,  ean  be  easily 
ad tustod  from  the  roeeiviny  station  They  are  of  narrow  bandwidth  so  that  oven  m a noisy 
It  K t'nv  ironment  tht'se  deviees  ean  ih'tt't't  the  prt'senet'  of  the  radiosonde  data  tout's  and 
triyyer  the  appropriate  one  shot  pulse  yenorator,  wlueh  in  turn  oomnumteates  the  existenee 
of  a tone  burst  It'  the  diyitul  eltvtronles. 
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Kig  5 — The  interface  circuitry  between  the  communication  receiver  anti  the  microcomputer 


The  operational  program  for  this  instrument  was  designed  to  work  with  an  inexpensive 
($245.00),  off-the-shelf  microcomputer.  The  general  design  of  the  system  is  shown  in  Fig.  6. 
The  inputs  to  the  system  consist  of  three  individual  input/output  (I/O)  lines,  which  contain 
the  transistor-to-transistor  logic  (TTL)  level  pulses  corresponding  to  the  reception  of  the 
transmission  signals  of  the  audio-modulated  RF  pulses  from  the  radiosonde.  For  example,  a 
200-ms  pulse  appears  on  the  “high-pitch  pulse"  line  when  the  radiosonde  is  transmitting  an 
altitude  pulse.  A fourth  input  of  information  required  for  the  calculations  is  that  of  time; 
this  is  obtained  internally  in  the  particular  microcomputer  system  used  here.  All  timing  of 
the  events  in  this  program  is  based  on  the  internal  timer,  which  uses  the  accuracy  of  the 
microcomputer's  own  1-MHz  crystal  clock. 

Two  types  of  outputs  are  indicated  in  the  figure.  Two  lines  of  the  I/O  are  used  for  the 
analog  channels.  The  analog  data  representation  of  the  desired  data  produced  by  the  micro- 
computer has  the  form  shown  in  Fig.  7.  In  this  technique  the  number  “8"  is  represented  by 
the  four-pulse  train  shown  in  the  figure,  where  each  pulse  is  of  20  ps  duration  and  pulses  are 
separated  by  20  ps  and  repeated  every  20  ps.  Similarly,  the  number  168  would  be  represented 
by  84  pulses  repeated  every  20  ps.  These  pulse  trains  are  fed  directly  into  a single  frequency- 
to-voltage  converter,  which  results  in  a DC  voltage  proportional  to  the  number  represented. 

Six,  seven,  or  eight  digital  lines,  depending  on  the  code  used,  are  reserved  for  the  opera- 
tion of  the  paper  tape  punch.  Each  line  operates  relays  that  in  turn  control  the  individual 
solenoids  of  the  punch.  The  punch  is  designed  so  that  it  is  inoperative  for  one  particular  com- 
bination of  input  lines,  but  all  other  combinations  set  the  solenoids  and  start  the  punching 
cycle. 

The  entire  program  is  contained  in  1000  bytes  of  RAM  on  the  KIM-1  system  and  is 
loaded  into  the  RAM  by  means  of  the  self-contained  system  monitor  and  a simple  cassette 
audio  tape  recorder  prior  to  operation. 
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Fig.  6 — Block  diagram  showing  the  I/O  lines  between  the  micro-con. puter 
and  the  boundary  layer  sonde  receiving  and  recording  systems. 
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Fig.  7 — The  time-voltage  configuration  on  one  digital  line  representing  the 
number  08,  which,  when  fed  into  a simple  frequency-to-voltage  converter, 
produces  an  analog  voltage  proportional  to  the  digital  number 


SOFTWARE 

Operation  of  the  microcomputer  system  is  essentially  simple  and  consists  of  a main  pro- 
gram that  contains  an  infinite  idle  loop  and  an  interrupt  service  routine.  The  machine  spends 
most  of  its  time  doing  nothing  in  the  idle  loop.  Figure  8 is  a flow  diagram  depicting  the  main  pro- 
gram, which  on  the  startup  of  the  machine  initiates  the  I/O  lines  to  fit  the  design  of  the  system, 
assigning  certain  lines  as  output  lines  and  certain  lines  as  input  lines.  Next,  all  locations  where 
data  and  processing  information  are  stored  are  cleared  so  that  erroneous  startup  outputs  are 
eliminated,  the  punch  output  buffers  are  cleared,  and  the  “do  nothing”  combination  word  is 
output  to  the  punch.  Finally,  before  the  idle  loop  is  entered,  the  internal  timer  is  started  so  that 
the  interrupt  flag  will  be  thrown  exactly  10  ms  later.  At  this  time  the  infinite  loop  is  entered;  it 
is  executed  continuously  except  for  periods  when  the  machine  is  being  interrupted  by  the  vari- 
ous functions  of  the  system. 

Obviously  the  main  work  of  the  computer  is  accomplished  by  the  interrupt-service  routine. 
The  flowchart  of  this  routine  is  shown  in  Fig.  9.  The  first  item  of  business  after  the  sensing  of 
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Fig.  S — Flow  diagram  of  the 
main  program  of  the 
microcomputer 


an  interrupt  is  to  restart  the  timer  so  that  variations  in  the  time  required  to  complete  the 
various  interrupt  service  options  will  not  affect  the  timing  accuracy  of  the  device.  The  only 
requirement  is  that  all  of  the  service  steps  must  he  able  to  he  executed  in  the  10-ms  alloted 
time. 

As  all  data  transmission  in  this  system  is  based  on  the  elapsed  time  between  two  pulses, 
this  time  is  reproduced  digitally  in  the  microcomputer  by  individually  timing  the  pulses  in 
each  of  the  three  channels  in  the  manner  of  an  automatic  stopwatch.  On  the  reception  of  a 
data  pulse,  a pair  of  words  in  memory,  devoted  to  timing  the  pulses,  is  cleared.  Kvery  10  ms 
during  the  execution  of  the  internal  service  routine,  a “1"  is  added  to  each  timing  word  pair. 
For  convenience,  the  words  are  set  up  to  represent  a maximum  value  of  25.6  for  the  most 
significant  word  and  0.1  for  the  least  significant  word.  Thus,  when  the  second  data  pulse  is 
received  the  data  control  routine  transfers  this  t ime  (stored  in  tin*  most  significant  word  and 
expressed  in  tenths  of  a second)  to  the  current  data  buffer  and  again  clears  the  timing  word 
pair  in  preparation  for  the  next  cycle. 
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A number  of  logical  processes  performed  in  the  data  control  routine  increase  the  useful- 
ness of  the  device.  Three  sets  of  data  "windows"  are  available.  If  the  measured  time  is  less 
than  the  lower  bound  the  machine  assumes  that  a noise  pulse  was  present  and  waits  until  the 
following  pulse  appears  to  “do  its  thing.”  For  short-period  data,  the  0.1-s  accuracy  of  the 
timing  process  causes  unnecessary  digital  error,  and  this  feature  simply  multiplies  the  data  by 
two  for  a more  accurate  representation  should  the  data  actually  go  into  this  area  for  a period 
of  time.  If  the  second  pulse  is  not  received  in  a time  less  than  the  highest  bound,  the  machine 
assumes  that  the  receiver  has  lost  contact  with  the  radiosonde;  it  flags  all  outputs  of  this  fact 
and  awaits  the  reception  of  another  pair  of  data  pulses  to  continue  data  logging.  This  immedi- 
ately tells  the  operator  watching  the  real-time  display  that  something  is  wrong,  so  that  he  can 
quickly  take  remedial  action,  such  as  retiming  the  receiver.  In  addition,  the  flagged  data  are 
put  on  the  punched  tape  and  can  easily  be  recognized  in  later  analysis. 

Next,  the  analog  output  routine  is  executed.  The  machine  alternates  between  the  two 
analog  outputs  on  successive  passes  of  the  interrupt-service  routine.  On  the  even  count  the 
altitude  channel  is  activated.  The  time  between  the  received  pulses  of  the  altitude  channel  is 
inversely  proportional  to  the  altitude.  Therefore,  the  microcomputer  performs  a double- 
precision division  of  a constant  by  the  period  of  the  data  to  obtain  a number  proportional 
to  altitude.  In  the  manner  described  above,  a series  of  pulses  proportional  to  this  altitude 
calculation  is  put  on  output  line  A02.  On  the  odd  10-ms  pass  through  the  interrupt  service 
routine,  a further  decision  is  made  by  the  microcomputer.  This  time  it  looks  at  the  clock’s 
"second"  register  and  divides  its  time  into  10-s  intervals,  putting  the  air-temperature  data 
out  on  line  A01  when  the  register  time  is  between  0 and  10,  21  and  30,  and  41  and  50  s. 

The  rest  of  the  time  the  wet-bulb  temperature  is  displayed  on  line  A01.  This  format  has  the 
great  advantage  of  allowing  the  observation  of  both  the  individual  temperatures  and  their 
differences  in  real  time  on  the  same  channel.  Moist  layers  and  temperature  inversions  are  all 
immediately  observable  to  the  operator.  Examples  of  these  features  will  be  presented  below 
under  the  heading  “Performance." 

The  next  section  of  the  routine  is  concerned  mainly  with  housekeeping  functions  on 
the  very  slow  mechanical  punched-tape  apparatus.  It  checks  whether  various  solenoids  in 
the  punch  are  scheduled  to  be  turned  either  on  or  off.  This  is  necessary  because  of  the  rela- 
tively vast  amounts  of  time  it  takes  to  punch  a data  set  on  a 10-eharacter-per-second  punch, 
in  comparison  with  microcomputer  functions. 

Finally,  after  the  clock  registers  are  updated  by  10  ms,  the  machine  checks  to  see  if  the 
PUNCH  HAT  A OUT  subroutine  is  to  be  executed.  This  routine  is  set  to  be  activated  every 
minute,  or  more  often  if  desired.  The  only  limitation  is  the  speed  of  the  punch  and  amount 
of  data  that  might  be  useful  to  the  investigator. 

If  this  routine  is  executed,  the  current  values  of  time,  altitude,  dry-bulb  temperature, 
and  wet-bulb  temperature  are  converted  from  binary  to  decimal  notation,  and  these  charac- 
ters plus  several  format  characters  are  put  into  the  buffers  for  later  punching.  The  schedule 
for  the  PUNCH  CONTROL  routine  is  set  up,  and  the  first  punch  control  is  initiated  by  this 
routine.  This  completes  the  interrupt  service  routine,  and  the  control  is  again  switched  back 
to  the  main  program  idle  loop  to  await  the  next  interrupt  signal. 

The  machine  language  code  for  this  software  is  available  from  the  author  in  several  forms. 
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PERFORMANCE 

Obviously,  the  most  meaningful  way  to  test  an  instniment  system  designed  to  operate 
in  a changing  environment  is  to  observe  its  performance  in  that  environment.  Figure  10  is  an 
example  of  the  analog  display  obtained  under  sea  conditions  during  June  1977  on  the 
hOMKT  77  cruise  of  the  I'SNS  llaycs  in  the  Mediterranean  Sea.  The  figure  shows  the  dry- 
and  wet-bulb  temperatures  coming  closer  together  at  the  maximum  altitude,  indicating  that 
the  relative  humidity  was  higher  aloft.  The  general  cooling  trend  of  the  dry-bulb  temperature 
suggests  an  adiabatic  cooling  rate. 

The  missing  data  pulses  on  the  wet-bulb  channel  ;tre  immediately  apparent  with  this 
type  of  display,  as  seen  in  the  upper  portion  of  the  left-hand  plot. 

The  altitude  plot  on  the  right  shows  level  areas  before  and  after  the  flight.  It  was  during 
these  times  that  the  instniment  package  was  held  at  mast  height  on  the  ship  while  the  zero 
level  (i.e.,  20  m above  the  surface)  of  the  altimeter  was  determined  and  the  dry-  and  wet-bulb 
thermometers  were  calibrated  with  respect  to  precision  shipboard  equipment  located  at  the 
same  level. 

The  noise  level  on  the  altitude  channel  is  greater  than  necessary.  The  level  is  largely  the 
result  of  digital  uncertainty  in  the  way  the  time  period  information  was  handled  in  the  pro- 
gram software  and  of  the  characteristics  of  the  particular  altimeter.  The  noise  appears  to  be 
greater  at  higher  altitudes.  This  is  because  the  period  between  pulses  becomes  shorter  at 


TEMPERATURE  CC)  ALTITUDE 


WET  BULB/ DRY  BULB 


Fig.  10  Reproduction  of  the  actual  analog  stripchart 
recording  of  dry-bulb  temperature,  wet-bulb  temperature, 
and  altitude  from  a boundary  layer  sonde  operating  from 
I'SNS  II uves  during  a cruise  in  1977 
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higher  altitudes,  aiul  consequently  digital  errors  of  t lit*  order  of  ' 100  ms  make  a considerable 
difference  m the  calculated  altitude  I Ills  undesirable  feature  can  lie  eliminated  by  modify 
mg  the  software  to  store  the  tune  intervals  to  greater  precision  in  the  ealeulations. 

rile  noise  problem  is  eliminated  in  the  data  analysis  of  the  flight,  by  the  simple  tech 
nn|iie  of  averaging  by  three  the  data  about  every  altitude  point  to  form  a smoothed  altitude 
curve  I'lus  amounts  to  putting  a digital  filter  on  the  altitude  data 

\nother  inherent  problem  in  this  type  of  data  transmission  scheme  is  the  possibility  of 
two  tone  pulses  overlapping  each  other  m time  I >11  rm^:  the  time  that  two  pulses  are  attempt 
in>;  to  transmit  their  particular  tones  at  the  same  time,  the  nonlinear  digital  A\l>  circuit  fails 
to  act  as  a true  audio  mixer,  w ith  the  net  result  that  neither  tone  is  recognized  at  the  tone 
decoder,  Consequently,  the  "on"  tune  of  the  second  pulse  is  apparently  delayed  and  errone 
oils  data  are  recorded  lleeause  all  oscillators  are  completely  independent  of  one  another, 
this  is  a purely  random  process  and  the  probability  of  this  occurrence  is  statistically  deter 
mined  by  the  pulse  length  and  the  tunes  between  the  pulses.  Tile  maximum  error  is  also  do 
terinmed  by  the  pulse  width,  the  time  between  pulses,  and  the  length  of  the  audio  tone  hurst 
required  for  the  tone  decoder  to  recognize  the  tone  burst  as  a pulse.  All  of  these  sources  of 
error  can  be  kept  within  limits  to  produce  the  desired  accuracy  of  performance. 

Figure  l l shows  the  plot  of  dry  bulb  temperature  vs  altitude  obtained  from  the  digital 
recording  of  the  flight  shown  in  Fig.  10.  I'll**  solid  line  on  the  graph  is  the  least -squares, 
second  order  polynomial  fit  to  the  data.  The  crosses  are  the  individual  data  points  from  the 
flight  in  which  the  averaging  by  threes  method  of  altitude  filtering  was  applied  before  plot 
ting,  t he  standard  deviation  of  the  altitude  data  about  the  line  is  27  m,  and  the  apparent 
deviation  of  the  temperature  data  about  the  line  is  0.11  V.  The  mean  lapse  rate  of  the  least- 
squares  curve  m the  lowest  200  m is  1.0  100  in,  which  is  very  close  to  the  expected  dry 

adiabatic  lapse  rate. 

\\  hctlier  this  uncertainty  is  the  result  of  the  altitude  measurement  or  of  the  tempera- 
ture measurement  cannot  bo  determined  from  the  temperature  profile.  However,  the  accura- 
cies of  the  dry  and  wet-bulb  temperatures  are  both  very  important  in  the  measurement  of 
water  vapor,  in  that  the  use  of  the  psychrometric  equation  requires  the  difference  between 
the  two  temperatures  to  be  used  If  each  temperature  had  uncertainties  of  0.1?  V,  considerable 
error  would  result.  For  instance,  if  in  the  worst-ease  situations,  errors  of  0..T  C were  attributed 
to  both  dry  and  wet  bulb  measurements  at  ambient  conditions  similar  to  those  in  Fig.  I 1 
and  12.  uncertainties  in  relative  humidity  of  1 T.V',  would  result  An  error  analysis  of  the 
data  plotted  in  Fig.  I 2 with  respect  to  the  least  squares  second  order  curve  fitted  to  the  data 
gives  an  uncertainty  of  only  2.2'.  HI!.  This  analysis  implies  that  the  temperature  channels 
contain  a random  error  of  about  0. 1 5C  while  the  remainder  of  the  errors  are  attributable  to 
random  error  in  the  altimeter  system,  i.e.,  approximately  ' 1 l m. 

CONI’!, I SIONS 


The  boundary  layer  radiosonde  has  proven  very  useful  for  shipboard  meteorological 
experiments.  Its  major  advantage  is  versatility  in  the  receiving  modes,  which  allows  useful 
profiles  to  he  obtained  under  even  primitive  conditions. 
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Kin  ''  A profile  of  air  temperature  made  at  sea  Kin  I 2 A profile  of  relative  humidity  ealeti 

on  a oruine  of  USNS  //ayes  in  1977  The  crosses  luted  from  the  dry  and  wet  hull*  temperatures 

represent  the  dinital  points  recorded  every  minute  obtained  durmn  a kite  halloou  Ilinht  on  a cruise 

durmn  the  flinht  T'hc  hue  is  a second-order  polyno  of  IS  \ S t i\i\  cs  m I ;l  / 7 ITie  cuisses  repicM-ut 

mial.  least  squares  fit  to  the  data  individual  determinations  of  relative  humidity 

from  the  ihnital  data,  anil  the  line  is  a second 
order  polynomial,  least  squares  lit  to  the  data 


Under  microcomputer  control,  real-time  atul  digital  recordings  contain  random  errors 
of  about  *0. 15  V for  both  dry-  atul  wet-bulb  temperatures  and  ' IT  for  pressure  altitude 
determinations. 
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